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Abstract 

The present invention relates to an organic EL device (organic 
electroluminescent device); in the organic EL device including a first electrode, a 

25 second electrode, and a plurality of stacked organic films, a mixed layer formed by 
simultaneously depositing an organic compound and an organometallic substance is 
formed between the stacked organic films and the second electrode, whereby the 
organic EL device has high luminescence efficiency and a long lifetime. At this time, 
the organic compound is a substance having high electron transport capability, and the 

30 organometallic substance is constituted of one or a plurality of metalloporphyrine 
derivatives. Further, an electron-injecting layer constituted of at least one of an 
alkaline metal, an alkaline-earth metal, and a compound thereof can be formed between 
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the mixed layer and the second electrode. 



Representative Drawing 
FIG. 2 

Index Words 

mixed layer, organic compound, organometallic substance, stacked organic film, 
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10 Specification 

Brief Description of Drawings 

FIG. 1 is a structural cross-sectional view illustrating a common organic EL 
device; and 

FIG. 2 is a structural cross-sectional view illustrating an organic EL device 
1 5 according to the present invention. 



< Description on Reference Numerals of Main Parts in the Drawings> 
2 1 : transparent substrate 22: first electrode 

23: stacked organic film 24: second electrode 

25: protective film 26: mixed layer 

27: electron-injecting layer 



Detailed Description of the Invention 
Object of the Invention 

25 Technical Field to which the Invention Pertains and Conventional Technique in the 
Field 

The present invention relates to a display device, in particular, to an organic EL 

In recent years, an increase in size of display devices has resulted in needs of 
30 flat display devices occupying small space. As one of such flat display devices, 
electroluminescent devices have been attracting attention. 

The electroluminescent devices are broadly classified into inorganic 

2/17 



English Translation of KR2000-0067671 



electroluminescent devices and organic EL devices depending on a material used. 

An inorganic electroluminescent device is a device which emits light generally 
in the following manner: a high electric field is applied to a light-emitting portion to 
accelerate an electron in the high electric field and make the electron collide with a 
5 luminescent center, thereby exciting the luminescent center. 

Further, an organic EL device is a device which emits light when electrons and 
holes are injected into a light-emitting portion from an electron-injecting electrode 
(cathode) and a hole-injecting electrode (anode), respectively, and excitons that are 
generated by combining the injected electrons and holes relax from the excited state to a 
10 ground state. 

Since an inorganic electroluminescent device with the above-mentioned 
operation principle requires a high electric field, it requires a high voltage of 100-200 V 
as a driving voltage. On the other hand, an organic EL device has an advantage that it 
can be driven at a low voltage of about 5-20 V; thus, researches on organic EL devices 

1 5 arc being made actively. 

Moreover, since an organic EL device has excellent characteristics such as a 
wide viewing angle, high-speed responsibility, and high contrast (contrast), it can be 
used as a pixel (pixel) of a graphic display or a pixel of a television image display or a 
surface light source (surface light source). Further, an organic EL device is thin and 

20 light, and displays colors favorably; thus, it is a device suitable for a next-generation flat 
display. 

As illustrated in FIG. 1, an organic EL device with such uses is constituted of a 
first electrode (2) formed over a transparent substrate (1), a hole-injecting layer (FflL: 
hole-injecting layer) (3) and a hole transport layer (HTL: hole transport layer) (4) that 
25 are formed over the first electrode (2), a light-emitting layer (5) formed over the hole 
transport layer (4), an electron transport layer (ETL: electron transport layer) (6) and an 
electron-injecting layer (EIL: electron-injecting layer) (7) that are formed over the 
light-emitting layer (5), and a second electrode (8) formed over the electron-injecting 
layer (7). 

30 Here, one or more of the hole-injecting layer (3), the hole transport layer (4), 

the electron transport layer (6), and the electron-injecting layer (7) can be omitted. 

In the organic EL device formed in such a manner, the second electrode (8) 
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injects electrons into the light-emitting layer (5) through the electron transport layer (6) 
or the electron-injecting layer (7), and the first electrode (2) injects holes into the 
light-emitting layer (5) through the hole-injecting layer (3) or the hole transport layer 
(4), whereby the holes and electrons form pairs and disappear in the light-emitting layer 
5 (5) to radiate energy, so that light is emitted. 

With regard to most organic EL devices, it is much more difficult to inject 
electrons than to inject holes. Further, it is generally known that the second electrode 
with a low work function (work function) tends to promote the injection of electrons. 

However, there are many difficulties in using substances with low work 
10 functions as an electrode because they are highly reactive in general. 

Therefore, stable metals of one or more kinds, such as Mg:Ag or Al:Li, are 
alloyed and used as the second electrode in many cases. 

However, such an alloy is inferior to aluminum in stability and manufacturing 
cost, and is difficult to deposit uniformly. 
15 A serious problem in the use of a substance with a low work function, such as 

Mg:Ag or Alii, as an electrode is that Mg ions or Li ions are diffused into an organic 
film, which frequently causes cross-talk (cross-talk) or leakage current between pixels 
(pixel). 

The above problems can be relieved somewhat by using aluminum for a 
20 material of the second electrode; however, aluminum has poor election-injecting 
capability (electron-injecting capability) and a method for improving the 
electron-injecting capability of aluminum has been required. 

Thus, in order to improve this electron-injecting capability, an example has 
been reported recently in which an ultra-thin insulating film (with a thickness of about 
25 0.3-1 .0 nm) of LiF, MgF 2 , Li 2 0, or the like is provided between an aluminum electrode 
and a light-emitting layer, or between an aluminum electrode and an electron transport 
layer [IEEE Transactions on Electronic Devices, Vol. 44, No. 8, p. 1245-1248 (1997)]. 

It can be said that a feature of this case is that Li 2 0 is an insulator having a 
very low work function. 
30 In general, it is known that the work function of an alkaline metal (alkaline 

metal) itself is low, and becomes lower when it is oxidized. 

For example, the work function of Cs is 2. 1 eV while that of Cs 2 0 decreases to 
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about 1 eV. 

Further, in order to lower an electron-injecting barrier, a variety of alkaline 
metal compounds such as Li 2 0, LiB0 2 , NaCl, KC1, K 2 Si0 3 , RbCl, or Cs 2 0 have been 
used in a form of an insulating buffer layer. 
5 However, in spite of the above improvement, introduction of an insulating 

buffer layer has provided new problems. 

That is, adhesiveness between a stacked organic film and aluminum is not high, 
and a lifetime of a device is decreased. 

A result of an experiment revealed that a difference in characteristics between 
10 substances causes poor adhesiveness at an interface between a buffer layer and 
aluminum, and between a buffer layer and a stacked organic film. 
Technical Object to Be Achieved by the Invention 

The present invention has been made in view of the above conventional 
problems, and an object thereof lies in providing an organic EL device in which a mixed 
15 layer formed by simultaneously depositing an organic compound and an organomctallic 
substance is interposed between a stacked organic film and a second electrode, and 
which can greatly increase luminescence efficiency and a lifetime of the device. 
Structure and Effect of the Invention 

In order to achieve the above object, the present invention provides an organic 
20 EL device which includes a first electrode, a second electrode, and a plurality of stacked 
organic films and is characterized in that a mixed layer formed by simultaneously 
depositing an organic compound and an organometallic substance is formed between the 
stacked organic films and the second electrode. 

The organic compound is a compound having an electron transport capability, 
25 and can be preferably Alq 3 . 

Further, the organometallic substance is characterized by being constituted of 
one or a plurality of metalloporphyrine (metalloporphyrine) derivatives. 

The metalloporphyrine derivative can have a structure of Structural Formula 1 

30 Structural Formula 1 
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wherein A is -N= or -C(R)=, and R is a substance selected from a group 
consisting of hydrogen, an alkyl group, an alkoxy group, an aralkyl group, an alkaryl 
group, an aryl group, and a heterocyclic group; 
5 M is a substance selected from a group consisting of elements of Group IA, 

Group IIA, Group IIIA, Group IVA, Period 3, Period 4, Period 5, and Period 6 in the 
periodic table; 

Y is a substance selected from a group consisting of an alkoxy group, a 
phenoxy group, an alkylamino group, an arylamino group, an alkylphosphine group, an 
10 arylphosphine group, an alkylsulfur group, and an arylsulfur group; or from a group 
consisting of elements of Groups VIA and VIIA in the periodic table; 
n is an integer of 0, 1, or 2; and 

each of Bi to Bs is a substance selected from a group consisting of hydrogen, 
an alkyl group, an aryl group, an alkoxy group, an aryloxyalkyl group, a hydroxy group, 

15 a hydroxyalkyl group, an aralkyl group, an alkylamino group, an arylamino group, an 
alkylthiol group, an arylthiol group, a nitroalkyl group, an alkylcarbonyl group, an 
alkoxycarbonyl group, a phenyl group, an amino group, a cyano group, a naphthyl 
group, an alkaryl group, a halogen group, and a heterocyclic group, and one or more of 
the Bi and B 2 , B 3 and B 4 , B 5 and B 6 , and B 7 and B 8 , may be connected to each other to 

20 form an unsaturated or saturated 5-membered, 6-membered, or 7-memberd ring. 

In a compound of the Structural Formula 1, it is preferable that a composition 
element forming the unsaturated or saturated 5-membered, 6-membered, or 7-memberd 
ring in which one or more of the Bj and B 2 , B 3 and B 4 , B s and B 6 , and B 7 and B s are 
connected to each other be selected from C, N, S, and O. Further, the unsaturated or 

25 saturated 5-membered, 6-membered, or 7-memberd ring in which one or more of the Bi 
and B 2 , B 3 and B 4 , B 5 and B 6 , and B 7 and B 8 are connected to each other can include a 
substance selected from a group consisting of an alkyl group, an aryl group, an alkoxy 
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group, an aryloxyalkyl group, a hydroxy group, a hydroxyalkyl group, an aralkyl group, 
an alkylamino group, an arylamino group, a nitroalkyl group, an alkylcarbonyl group, 
an alkoxycarbonyl group, a phenyl group, an amino group, a cyano group, a naphthyl 
group, an alkaryl group, a halogen group, and a heterocyclic group. 
5 It is preferable that M in the Structural Formula 1 be a substance selected from 

a group consisting of 2Li, 2Na, Mg, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Pt, Cu, 2Ag, Zn, Pd, 
Al, Ga, In, Si, Sn, Pb, 2H, and TiO. 

It is preferable that Y in the Structural Formula 1 be a substance selected from a 
group consisting of O, F, CI, Br, an alkoxy group (carbon number: 1-10), and a 
10 phenoxyl group. 

As the metalloporphyrine derivative used for the organic EL device according 
to the present invention, preferably, a substance having a structure of Structural Formula 
2 or Structural Formula 3 below can be used, 

Structural Formula 2 Structural Formula 3 



15 




wherein A is -N= or -C(R)=, and R is a substance selected from a group 
consisting of hydrogen, an alkyl group, an alkoxy group, an aralkyl group, an alkaryl 
group, an aryl group, and a heterocyclic group; 

M is a substance selected from a group consisting of elements of Group IA, 
20 Group IIA, Group IIIA, Group IVA, Period 3, Period 4, Period 5, and Period 6 in the 
periodic table; 

Y is a substance selected from a group consisting of an alkoxy group, a 
phenoxyl group, an alkylamino group, an arylamino group, an alkylphosphine group, an 
arylphosphine group, an alkylsulfur group, and an arylsulfur group; or from a group 
25 consisting of elements of Groups VIA and VIIA in the periodic table; 
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n is an integer of 0, 1 , or 2; and 

each of the Xi to Xg is a substance selected from a group consisting of 
hydrogen, an alkyl group, an aryl group, an alkoxy group, an aryloxyalkyl group, a 
hydroxy group, a hydroxyalkyl group, an aralkyl group, an alkylamino group, an 
arylamino group, an alkylthiol group, an arylthiol group, a nitroalkyl group, an 
alkylcarbonyl group, an alkoxycarbonyl group, a phenyl group, an amino group, a 
cyano group, a naphthyl group, an alkaryl group, a halogen group, and a heterocyclic 
group. 

It is preferable that M in the Structural Formulae 2 and 3 be a substance 
selected from a group consisting of 2Li, 2Na, Mg, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Pt, Cu, 
2Ag, Zn, Pd, Al, Ga, In, Si, Sn, Pb, 2H, and TiO. 

It is preferable that the Y in the Structural Formulae 2 and 3 be a substance 
selected from a group consisting of O, F, CI, Br, an alkoxy group (carbon number: 1-10), 
and a phenoxyl group. 

As the metalloporphyrine derivative used for the organic EL device according 
to the present invention, the most preferably, at least one of substances having structures 
of Structural Formula 4 and Structural Formula 5 below can be used, 

Structural Formula 4 Structural Formula 5 



wherein M is selected from a group consisting of Co, A1C1, Cu, 2Li, Fe, Pb, Mg, 
SiCl 2 , 2Na, Sn, Zn, Ni, Mn, VO, 2Ag, MnCL SnCl 2 , and TiO. 

Another object of the present invention lies in providing an organic EL device 
characterized in that an electron-injecting layer constituted of at least one of an alkaline 
metal, an alkaline-earth metal, and a compound thereof is formed between the second 
electrode and the mixed layer. 
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The electron-injecting layer can be constituted of any one of Li 2 0, Li 2 0 2 , Rb 2 0, 
Cs 2 0, Rb 2 0 2 , Cs 2 0 2 , LiAlOj, LiBOj, LiCL RbCl, NaCl, KA10 2 , NaW0 4 , K 2 Si0 3 , 
Li 2 CO, BeO, MgO, CaO, SrO, BaO, RaO, an AI:Li alloy, a Mg:Sr alloy, and an In:Li 
alloy. Further, it is preferable that the second electrode be constituted of Al. 
5 In the mixed layer according to the present invention, the mixture ratio of both 

the substances can be expressed by a positional function and can be fixed or changed. 
That is, the concentrations of the two substances can be adjusted so as to have 
concentration gradients (concentration gradient) in accordance with the position of each 
substance. For example, a mixture ratio of a mixed layer in which Alq3 is used for an 

1 0 organic compound and CuPc is used for an organometallic compound is as follows: that 
is, when concentrations of Alq 3 and CuPc are expressed as x:y, respectively, it is 
possible that x=\ and j;=0 at a contact interface with the stacked organic films; the 
concentration of CuPc gradually increases and that of Alq 3 gradually decreases in a 
direction to the second electrode, and concentrations of the substance can be x=0 and 

15 y=l at a contact interface with the second electrode or the electron transport layer. At 
this time, the values of x and y change linearly in a region between both the interfaces. 
It is preferable that the thickness of the above mixed layer vary in a range of 0. 1 nm - 50 

An organic EL device having aforementioned characteristics is described below 
20 with reference to the attached drawings. 

FIG. 2 is a structural cross-sectional view illustrating an organic EL device 
according to the present invention. As illustrated in FIG. 2, in the organic EL device, a 
stacked structure (laminated structure) having a transparent substrate (21), a first 
electrode (22), a stacked organic film (constituted of a hole-injecting layer, a hole 
25 transport layer, and a light-emitting layer) (23), and a second electrode (24) is formed; 
further, a protective film (25) is formed over the stacked structure; furthermore, in order 
to improve adhesiveness and an electron-injecting property, a mixed layer (26) which is 
formed by simultaneously depositing an organic compound and an organometallic 
substance and an electron-injecting layer (27) are stacked between the stacked organic 
30 film (23) and the second electrode (24) in the stacked structure. 

Here, substances used for the mixed layer (26) and the electron-injecting layer 
(27) are described above. 
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As described above, in the present invention, the mixed layer (26) constituting 
the above substances is stacked between the stacked organic film (23) and the second 
electrode (24) or between the stacked organic film (23) and the electron-injecting layer 
(27), whereby a lifetime of the device is greatly increased as well as improving 
5 luminescence efficiency. 

Here, the mixed layer (26) and the electron-injecting layer (27) can have 
thicknesses of about 0.1 nm - 50 nm and about 5 A - 10 A, respectively. 

Next, a method for manufacturing an organic EL device according to the 
present invention is described in detail. Note that conditions such as substances and 
10 values, which are used in the following manufacturing method, can be changed and 
used by those skilled in the art as long as such a change satisfies objects and effects of 
the present invention. 

(1) As a first electrode, an ITO (indium tin oxide) thin film, which is a 
transparent electrode, is formed with a thickness of about 140 nm, covering a 

1 5 transparent substrate. 

(2) As a hole- injecting layer, copper phthalocyanine (CuPc) is 
vacuum-deposited with a thickness of about 20 nm on the first electrode. 

(3) As a hole transport layer, 4,4'-bis[A''-(l-naphthyl)-A r -phenyl-amitio]l)ipIien\ ! 
(NPD) is vacuum-deposited with a thickness of about 30 nm on the hole-injecting layer. 

20 (4) A light-emitting layer is vacuum-deposited on the hole transport layer. In 

a case of a green-light-emitting layer, 8-hydroxyquinoIinealuminum (Alq 3 ) is 
vacuum-deposited with a thickness of about 30 nm. 

(5) An organic compound and an organometallic substance are simultaneously 
deposited with an appropriate ratio to form a mixed layer of the organic compound and 

25 the organometallic substance on the light-emitting layer. A preferable thickness of the 
mixed layer can be changed in accordance with the substances, and it is preferable that 
the thickness be about 0. 1 nm - 50 nm. 

Usable kinds of the organic compound and the organometallic substance are 
described above, and a mixture ratio of both the compounds in the mixed layer is also 

30 described above. 

(6) As an electron-injecting layer, at least one of an alkaline metal, an 
alkaline-earth metal, and a compound thereof is deposited with a thickness of about 5 - 
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1 0 A on the mixed layer. Preferably, the electron-injecting layer can be constituted of 
any one of Li 2 0, Li 2 0, Rb20, Cs 2 0, Rb 2 02, Cs 2 C>2, UAIO2, LiB0 2 , LiCl, RbCI, NaCl, 
KA10 2 , NaW0 4 , K 2 Si0 3 , Li 2 CO, BeO, MgO, CaO, SrO, BaO, RaO, an Alii alloy, a 
Mg:Sr alloy, and an In:Li alloy. 
5 (7) As a second electrode, Al is formed with a thickness of about 200 nm on the 

electron-injecting layer. 

(8) Preferably, after a protective film is formed covering the second electrode, 
common encapsulation (encapsulation) can be performed in an inert gas. 

If the electron-injecting layer is formed of Li 2 0 or the like, adhesiveness with 
10 Alq 3 and Al is poor, and the Li 2 0 layer having a thickness of 1 nm has an island 
(island)-like structure rather than an entirely uniform layer. 

However, as in the organic EL device according to the present invention, the 
mixed layer formed by simultaneously depositing the organic compound such as Alq 3 
and the organometallic substance such as CuPc allows a direct contact of the 
1 5 organometallic substance such as CuPc with the A I layer through open space in the Li 2 0 
layer in the interface adhesion with the electron-injecting layer of Li 2 0 or the like. 

Such a phenomenon increases adhesiveness at the interface between the 
organic film and the metal, and increases a lifetime of the device. 

That is, a copper ion in CuPc included in the mixed layer bonds CuPc and Al 
20 relatively strongly (bonding). 
Effect of the Invention 

The organic EL device according to the present invention has the following 

effect. 

In the organic EL device according to the present invention, which includes the 
25 mixed layer formed by simultaneously depositing the organic compound and the 
organometallic substance, a lifetime of the device as well as luminance can be greatly 
increased. 

(57) Scope of Claims 
30 Claim 1 

An organic EL device comprising: 
a first electrode; 
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a second electrode; and 

a plurality of stacked organic films, 

wherein a mixed layer formed by simultaneously depositing an organic 
compound and an organometallic substance is formed between the stacked organic 
films and the second electrode. 

The organic EL device according to Claim 1, wherein the organic compound 
has an electron transport capability. 

Claim 3 

The organic EL device according to Claim 2, wherein the organic compound 
having the electron transport capability is Alq 3 . 

Claim 4 

The organic EL device according to Claim 1, wherein the organometallic 
substance comprises one or a plurality of substances of metalloporphyrine 
(metalloporphyrine) derivatives. 

Claim 5 

The organic EL device according to Claim 4, wherein the metalloporphyrine 




wherein A is -N= or -C(R)=, and R is a substance selected from a group 
consisting of hydrogen, an alkyl group, an alkoxy group, an aralkyl group, an alkaryl 
group, an aryl group, and a heterocyclic group; 
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wherein M is a substance selected from a group consisting of elements of 
Group IA, Group IIA, Group IHA, Group IVA, Period 3, Period 4, Period 5, and Period 
6 in the periodic table; 

wherein Y is a substance selected from a group consisting of an alkoxy group, a 
5 phenoxyl group, an alkylamino group, an arylamino group, an alkylphosphine group, an 
arylphosphine group, an alkylsulfur group, and an arylsulfur group; or from a group 
consisting of elements of Groups VIA and VIIA in the periodic table; 

wherein n is an integer of 0, 1 , or 2; and 

wherein each of the Bi to B 8 is a substance selected from a group consisting of 
10 hydrogen, an alkyl group, an aryl group, an alkoxy group, an aryloxyalkyl group, a 
hydroxy group, a hydroxyalkyl group, an aralkyl group, an alkylamino group, an 
arylamino group, an alkylthiol group, an arylthiol group, a nitroalkyl group, an 
alkylcarbonyl group, an alkoxycarbonyl group, a phenyl group, an amino group, a 
cyano group, a naphthyl group, an alkaryl group, a halogen group, and a heterocyclic 
15 group; or one or more of the Bi and B2, B3 and B4, B 5 and B 6 , and B 7 and Bs are 
connected to each other to form an unsaturated or saturated 5-membered, 6-membered, 
and 7-membered ring. 

Claim 6 

20 The organic EL device according to Claim 5, wherein a skeleton of the 

unsaturated or saturated 5-membered, 6-membered, and 7-membered ring in which one 
or more of the Bi and B 2 , B 3 and B 4 , B 5 and B 6 , and B 7 and Bg are connected to each 
other comprises an element selected from C, N, S, and O. 

25 Claim 7 

The organic EL device according to Claim 6, wherein the unsaturated or 
saturated 5-membered, 6-membered, and 7-membered ring in which one or more of the 
Bi and B 2 , B 3 and B 4 , B 5 and B 6 , and B 7 and Bg are connected to each other comprises a 
substance selected from a group consisting of an alkyl group, an aryl group, an alkoxy 

30 group, an aryloxyalkyl group, a hydroxy group, a hydroxyalkyl group, an aralkyl group, 
an alkylamino group, an arylamino group, a nitroalkyl group, an alkylcarbonyl group, 
an alkoxycarbonyl group, a phenyl group, an amino group, a cyano group, a naphthyl 
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group, an alkaryl group, a halogen group, and a heterocyclic group. 
Claim 8 

The organic EL device according to Claim 5, wherein M in the Structural 
5 Formula 1 is a substance selected from a group consisting of 2Li, 2Na, Mg, Ca, Ti, V, Cr, 
Mn, Fe, Co, Ni, Pt, Cu, 2Ag, Zn, Pd, Al, Ga, In, Si, Sn, Pb, 2H, and TiO. 

Claim 9 

The organic EL device according to Claim 5, wherein Y in the Structural 
10 Formula 1 is a substance selected from a group consisting of O, F, CI, Br, an alkoxy 
group (carbon number: 1-10), and a phenoxyl group. 

Claim 10 

The organic EL device according to Claim 5, wherein the metalloporphyrme 
1 5 derivative has a structure of Structural Formula 2 or Structural Formula 3 below: 
Structural Formula 2 Structural Formula 3 




wherein A is -N= or -C(R)= and R is a substance selected from a group 
consisting of hydrogen, an alkyl group, an alkoxy group, an aralkyl group, an alkaryl 
20 group, an aryl group, and a heterocyclic group; 

wherein M is a substance selected from a group consisting of elements of 
Group IA, Group IIA, Group IIIA, Group IVA, Period 3, Period 4, Period 5, and Period 
6 in the periodic table; 

wherein Y is a substance selected from a group consisting of an alkoxy group, a 
25 phenoxyl group, an alkylamino group, an arylamino group, an alkylphosphine group, an 
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arylphosphine group, an alkylsulfur group, and an arylsulfur group; or from a group 
consisting of elements of Groups VIA and VIIA in the periodic table; 
wherein n is an integer of 0, 1, or 2; and 

wherein each of the X! to X 8 is a substance selected from a group consisting of 
hydrogen, an alkyl group, an aryl group, an alkoxy group, an aryloxyalkyl group, a 
hydroxy group, a hydroxyalkyl group, an aralkyl group, an alkylamino group, an 
arylamino group, an alkylthiol group, an arylthiol group, a nitroalkyl group, an 
alkylcarbonyl group, an alkoxycarbonyl group, a phenyl group, an amino group, a 
cyano group, a naphthyl group, an alkaryl group, a halogen group, and a heterocyclic 
group. 

Claim 11 

The organic EL device according to Claim 10, wherein M in the Structural 
Formulae 2 and 3 is a substance selected from a group consisting of 2Li, 2Na, Mg, Ca, 
Ti, V, Cr, Mn, Fe, Co, Ni, Pt, Cu, 2Ag, Zn, Pd, Al, Ga, In, Si, Sn, Pb, 2H, and TiO. 

Claim 12 

The organic EL device according to Claim 10, wherein Y in the Structural 
Formulae 2 and 3 is a substance selected from a group consisting of O, F, CI, Br, an 
alkoxy group (carbon number: 1-10), and a phenoxyl group. 

Claim 13 

The organic EL device according to Claim 10, wherein the metalloporphynne 
derivative is at least one of substances having structures of Structural Formula 4 and 
Structural Formula 5 below: 

Structural Formula 4 Structural Formula 5 
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wherein M is a substance selected from a group consisting of Co, A1C1, Cu, 2Li, 
Fe, Pb, Mg, SiCh, 2Na, Sn, Zn, Ni, Mn, VO, 2Ag, MnCI, SnCl 2 , and TiO. 

5 Claim 14 

The organic EL device according to any one of Claims 1 to 13, wherein an 
electron-injecting layer comprising at least one of an alkaline metal, an alkaline-earth 
metal, and a compound thereof is formed between the mixed layer and the second 
electrode. 

10 

Claim 15 

The organic EL device according to Claim 14, wherein the electron-injecting 
layer comprises any one of Li 2 0, Li 2 0, RkO, Cs 2 0, Rb 2 0 2 , Cs 2 0 2 , LiA10 2 , LiB0 2s 
LiCl, RbCl, NaCl, KAI0 2 , NaW0 4 , K 2 Si0 3 , Li 2 CO, BeO, MgO, CaO, SrO, BaO, RaO, 
15 an Al:Li alloy, a Mg:Sr alloy, and an In:Li alloy. 

Claim 16 

The organic EL device according to Claim 14, wherein the second electrode 
comprises Al. 

20 

Claim 17 

The organic EL device according to Claim 14, wherein a mixture ratio in the 
mixed layer has a positional function and is fixed or changed. 
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Claim 18 

The organic EL device according to Claim 14, wherein the mixed layer has a 
thickness of 0.1 nm - 50 nm. 

Drawings 
FIG. 1 



FIG. 2 
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